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7KRPDVHWDO 7KH)6: SURFHVVLVH[SODLQHGXVLQJ)LJ,QWKLVSURFHVVQRPHOWLQJRFFXUVDQGWKHKHDW LV
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0XKDPDG7HK\RHWDO  LQYHVWLJDWHG WKH LQIOXHQFHRI SURFHVVSDUDPHWHUVRQPHWDOOXUJLFDODQGPHFKDQLFDO
SURSHUWLHV RI GLVVLPLODU )6 ZHOGHG MRLQW EHWZHHQ VHPLVROLG PHWDO 7 DQG DOXPLQXP DOOR\ 7 DQG
UHSRUWHGWKDWDQLQFUHDVHLQWKHZHOGLQJVSHHGDSSDUHQWO\OHDGVWRDQLQFUHDVH LQWKHWHQVLOHVWUHQJWKRIWKHVSHFLPHQ
,Q IDFW WKH WHQVLOH VWUHQJWK UHDFKHV D PD[LPXP YDOXH IRU D SDUWLFXODU ZHOGLQJ VSHHG DQG WKHQ GHFUHDVHV DV WKH
ZHOGLQJ VSHHG LV IXUWKHU LQFUHDVHG 6DQJ:RR 6RQJ HW DO  SHUIRUPHG H[SHULPHQW RQ GLVVLPLODU PDWHULDOV
QDPHO\  DQG - DQG PHDVXUHG WKH ORZHVW KDUGQHVV YDOXH LQ WKH +HDW $IIHFWHG =RQH +$= 7KHUPR
0HFKDQLFDO $IIHFWHG =RQH 70$= RI  ZKLOH WKH KLJKHVW KDUGQHVV ZDV PHDVXUHG LQ - +RZHYHU WKHVH
YDOXHVGLGQRWGHYLDWHODUJHO\ IURPWKRVHRIEDVHPDWHULDOV %DKHPPDWHWDO  REWDLQHGWKHPHFKDQLFDOPLFUR
DQG PDFUR VWUXFWXUDO FKDUDFWHULVWLFV RI GLVVLPLODU IULFWLRQ VWLU ZHOGLQJ RI $$7 DQG $$7 )UDFWXUH
RFFXUVLQWKH70$=±+$=LQWHUIDFHRI$$GXHWRLWVORZHUKDUGQHVVDQGVWUHQJWKLQWKHZHOG&RQYHUVHO\GXH
WRKLJKHUVWUHQJWKIUDFWXUHGRHVQRWDULVHDWWKH6WLUUHG=RQH6='D6LOYDHWDO  VWXGLHGWKH0DWHULDOIORZ
DQG PHFKDQLFDO EHKDYLRXU RI GLVVLPLODU $$7 DQG $$7 KLJKVWUHQJWK $O DOOR\V DQG SUHVHQWHG WKH
HIIHFWRIWKHWKUHDGHGSURILOHRIWKH WRROSLQRQPDWHULDO IORZDQGPL[LQJSDWWHUQ 0RUHLUDHWDO VWXGLHGWKH
PHFKDQLFDO DQGPHWDOOXUJLFDO FKDUDFWHUL]DWLRQ RI IULFWLRQ VWLUZHOGHG MRLQWV EHWZHHQ$$7 DQG$$7




IULFWLRQ VWLU ZHOGHG MRLQWV RI DOXPLQLXP DOOR\V 7 DQG + DQG UHYHDOHG WKDW WKH LQFUHDVH LQ WRRO
URWDWLRQDOVSHHGRUZHOGLQJVSHHGOHDGVWRLQFUHDVHLQWHQVLOHVWUHQJWKUHDFKHVDPD[LPXPYDOXHDQGWKHQGHFUHDVHV
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)LJ6FKHPDWLFGLDJUDPRIIULFWLRQVWLUZHOGLQJSURFHVV




GLVVLPLODU DOXPLQLXP DOOR\V 0DQ\ UHVHDUFKHUV VWXGLHG DQG UHSRUWHG WKH EDVH PDWHULDOV PLFURVWUXFWXUH DQG LWV
SURSHUWLHV +RZHYHU WKHUH DUH QRW HQRXJK OLWHUDWXUHV RQ PLFURVWUXFWXUDO FKDUDFWHUL]DWLRQ RI GLVVLPLODU PDWHULDOV
HVSHFLDOO\RQ DOXPLQLXPDOOR\VEHWZHHQ DQG VHULHV7KH DLPRI WKLV SDSHU LV WRSUHVHQW DQG UHSRUW WKH




SURFHVV 7 IRU WKH DERYH DOOR\V LQGLFDWHV WKDW ERWK WKH PDWHULDOV DUH VROXWLRQ KHDW WUHDWHG VWUHWFKHG DQG
DUWLILFLDOO\DJHG7KHOHQJWKZLGWKDQGWKLFNQHVVRIERWKWKHDOXPLQLXPDOOR\SODWHVDUHFKRVHQDVDQG
PP UHVSHFWLYHO\ &KHPLFDO FRPSRVLWLRQV DQG WKHPHFKDQLFDO SURSHUWLHV RI$$7 DQG$$7 DUH




$OXPLQLXPDOOR\V <LHOGVWUHQJWK03D 8OWLPDWHWHQVLOHVWUHQJWK03D 7HQVLOHHORQJDWLRQ
0LFURKDUGQHVV
9+1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7KH SURFHVV SDUDPHWHUV ZKLFK KDYH WKH JUHDWHU LQIOXHQFH RQ WKH WHQVLOH VWUHQJWK RI GLVVLPLODU )6: MRLQWV DUH
LGHQWLILHG DV URWDWLRQDO VSHHG ZHOGLQJ VSHHG DQG WRRO SLQ SURILOH7KUHH GLIIHUHQW SLQ SURILOHV 7DSHU F\OLQGULFDO
WKUHDGHG7&77DSHUVTXDUHWKUHDGHG767DQG6LPSOH6TXDUH66WRROVXVHGZHUHPDFKLQHGIURP+WRROVWHHO
DQGKDUGHQHGWR+5& 7UDLOH[SHULPHQWVDUHFRQGXFWHGWRGHWHUPLQHWKHZRUNLQJDQGIHDVLEOHUDQJHRISURFHVV
%DVHDOOR\V $O 6L )H &X 0Q 0J &U 1L =Q 7L
7          
7          
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SDUDPHWHUV7KH LQIOXHQFHGSURFHVVSDUDPHWHUVDQG WKHLUZRUNLQJ UDQJH IRU WKHGLVVLPLODU)6:RI$$7
DQG$$7DUHSUHVHQWHG LQ7DEOH7KHZHOGZHUHFKDUDFWHUL]HGXVLQJ '(:,1725LQYHUWHG WULQRFXODU






)LJ D VKRZV WKH PLFURVWUXFWXUH LQ ZKLFK SDUWLFOHV RI 0J6L DUH HYHQO\ SUHFLSLWDWHG LQ DOXPLQLXP VROLG
VROXWLRQ6RPHLQWHUPHWDOOLF¶VZKLFKDUHXQGLVVROYHGOLNH$O )H0QDOVRSUHVHQWLQWKHPDWUL[7KHPDWUL[LVZHOO
VROXWLRQL]HG DQG SUHFLSLWDWLRQ KDUGHQHG 7KH SDUWLFOHV RI 0J $O ZKLFK DUH SUHVHQW FDQ EH UHVROYHG DW KLJKHU
PDJQLILFDWLRQZKHUHDV)LJEVKRZVWKHPDWUL[W\SLFDOSUHFLSLWDWLRQKDUGHQHGPDWUL[ZLWKWKHILQHSUHFLSLWDWLRQRI








)LJ VKRZV WKHPLFURJUDSK RI WKHSURGXFHGZHOG DIWHU WKRURXJKO\ HWFKHGZLWK WKHNHOOHU¶V UHDJHQWPDUNHG DV
VWLUUHG ]RQH 6= WKHUPRPHFKDQLFDO DIIHFWHG ]RQH 70$= DQGEDVHPHWDO %0)LJ VKRZV WKH W\SLFDOPDFUR
LPDJHVRIWKHWUDQVYHUVHFURVVVHFWLRQIRUWKUHHGLIIHUHQWSURFHVVSDUDPHWHUVZLWKWKUHHGLIIHUHQWSLQSURILOHV7DSHU
F\OLQGULFDOWKUHDGHG7&77DSHUVTXDUHWKUHDGHG767DQG6LPSOH6TXDUH66)LJ DLQGLFDWHVWKHPDFURLPDJH
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RIWKHFURVVVHFWLRQRIWKHEXWWZHOGHGGLVVLPLODUSODWHVRIKHDWWUHDWDEOHZURXJKWDOXPLQLXPDOOR\VQDPHO\RQ
WKHOHIWDQGRQWKHULJKW7KHSDUHQWPHWDORIVKRZVWKHJUDLQIORZDORQJWKHGLUHFWLRQRIWKHUROOLQJDQG
WKH  VKRZV WKH ILQH JUDLQ IORZ )LJ E LQGLFDWHV WKH PDFUR LPDJH RI WKH FURVVVHFWLRQ RI WKH EXWW ZHOGHG
GLVVLPLODU SODWHV RQ WKH OHIW DQGRQ WKH ULJKW7KHSDUHQWPHWDORIVKRZV WKHJUDLQ IORZDORQJ WKH




7\SLFDOPLFURJUDSKV UHYHDO LPSRUWDQW IHDWXUHV LQ VRPHRI WKH LQWHUIDFLDO UHJLRQVRI WKHZHOGVSURGXFHGE\ WKLV
FKDUDFWHUL]DWLRQZRUNDUHKHUHE\SUHVHQWHGEHORZ)LJ DI SUHVHQWVWKHPLFURVWUXFWXUHVLQYDULRXV]RQHV RIWKH
MRLQW LQWHUIDFHRI WKH ZHOG SURGXFHG DW  USP DQG PPPLQ ZLWK 7&7 WRRO)LJ DJ SUHVHQWV WKH
PLFURVWUXFWXUHVLQYDULRXV]RQHV RIWKHMRLQWLQWHUIDFHRIWKHZHOGSURGXFHGDWUSPDQGPPPLQZLWK767WRRO
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)LJDVKRZVWKHPLFURVWUXFWXUHRIWKHLQ7FRQGLWLRQVROXWLRQKHDWHGDQGSUHFLSLWDWHGWUHDWPHQW7KH
PLFURVWUXFWXUH VKRZV WKHJUDLQ IORZDORQJ WKHGLUHFWLRQRI UROOLQJ7KH HXWHFWLF SDUWLFOHV SUHVHQWV DUH&X$O$O
0J	=Q$ODV ILQHSUHFLSLWDWHV LQDOXPLQLXPVROLGVROXWLRQZKLFK LV WKHPDLQPDWUL[)LJE UHSUHVHQWV WKH
)6:]RQHZKHUHDOWHUQDWHOD\HUVRIDOOR\DQGDOOR\VDUHKDYHXQGHUJRQHIXVLRQ7KHSUHFLSLWDWHGSDUWLFOHV





IUDJPHQWHGSDUWLFOHVRIHXWHFWLF VWUHQJWKHQLQJDJHQWVRIDQG SUHFLSLWDWHG)LJ G VKRZV WKHDOWHUQDWH
OD\HUVRIDQGDWWKH)6:]RQH)LJHVKRZVWKH)6:]RQHZKHUHDOWHUQDWHOD\HUVRIDOOR\DQG
DOOR\VDUHKDYHXQGHUJRQHIXVLRQ7KHSUHFLSLWDWHGSDUWLFOHVLQERWKKDYHEHFRPHODUJHUGXH WRKHDWDQGVWUHVV




)LJ G UHSUHVHQWV WKH )6: ]RQH ZKHUH DOWHUQDWH OD\HUV RI  DOOR\ DQG  DOOR\V DUH KDYH XQGHUJRQH
IXVLRQ7KHSUHFLSLWDWHGSDUWLFOHVLQERWKKDYHEHFRPHODUJHUGXHWRKHDWDQGVWUHVV)LJHVKRZVWKH)6:]RQH
ZKHUHDOWHUQDWHOD\HUVRIDOOR\DQGDOOR\VDUHKDYHXQGHUJRQHIXVLRQ7KHSUHFLSLWDWHGSDUWLFOHVLQERWK
KDYHEHFRPH ODUJHUGXH WRKHDWDQGVWUHVV)LJ I VKRZV WKH70$=]RQHRI IRUPLQJRQLRQ ULQJVDQG WKH





DQG WKH OLJKWGXOO DUHDVDUH IURPDOOR\7KH LPDJHDW)LJ F VKRZV WKHGRPLQDQWDOOR\ IXVLRQDW WKH
QXJJHW]RQH)LJGH6(0LPDJHVVKRZVWKH707]RQHRIWKHZLWKWKHIRUPDWLRQRIWKHRQLRQULQJVZLWK
DOOR\7KH LPDJHV LQGLFDWH WKHQXJJHW]RQHZLWK ORZHUSHUFHQWDJHRI WKHDOOR\ IRUPLQJ WKLQULQJV7KH
LPDJHDW)LJIVKRZVWKHSUHFLSLWDWLRQRIWKHLQWHUPHWDOOLFVDWWKHQXJJHW]RQH)LJJVKRZVWKH,PDJHRIWKH
SDUHQW PHWDO  DORQJ WKH GLUHFWLRQ RI WKH UROOLQJ 7KH SUHVHQFH RI XQGLVVROYHG HXWHFWLFV LV DW WKH JUDLQ
ERXQGDULHV7KHLPDJH)LJKVKRZVWKH707]RQHZKLFKFRQVLVWVRIDOWHUQDWHULQJVRIDQGDOOR\V7KH










7KH('$;DQDO\VLV LQ)LJ UHYHDOV WKHSUHVHQFHRI DOOR\LQJHOHPHQWV IRUERWK DOXPLQLXPDOOR\VDQG LVZHOO









 USP WKH VWUDLQKDUGHQLQJHIIHFW LQGXFHGE\ WRRO VWLUULQJDFWLRQ LQFUHDVHV WKH WHQVLOH VWUHQJWK&RQYHUVHO\ WKH
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WHQVLOHVWUHQJWKGHFUHDVHVDVWKHURWDWLRQDOVSHHGRIWKHWRROLVIXUWKHULQFUHDVHGWRUSP7KH UHDVRQIRUWKHVDPH










ORZHU WHQVLOH VWUHQJWK DW WKH ORZHVWZHOGLQJ VSHHGRI PPPLQ)RU DOO WKHZHOGLQJ VSHHGV WKH7&7 WRRO H[KLELWV
KLJKHUWHQVLOHVWUHQJWKZKHUHDVORZHUWHQVLOHVWUHQJWKLVREVHUYHGIRU767WRRO
 7RRO 3LQ3URILOH




x 7KH PD[LPXP WHQVLOH VWUHQJWK RI  03D RFFXUV IRU 7DSHU F\OLQGULFDO WKUHDGHG SURILOH ZLWK WKH
URWDWLRQDOVSHHGRIUSPDQGZHOGLQJVSHHGRIPPPLQZKHUHDVIRUWKHSDUDPHWHUVUSPDQG
PPPLQ7DSHU 6TXDUH WKUHDGHG SURILOH \LHOGV ORZHU WHQVLOH VWUHQJWK RI 03D7KH UHDVRQ IRU WKH
ORZHUYDOXHFDQEHDWWULEXWHGWRWKHSRRUIXVLRQRIWKHWZRSODWHVDQGWKLVLVHYLGHQWIURPWKHPDFURLPDJHV
ZKLFKVKRZODUJHUGLVFRQWLQXLW\DWWKHEXWWDUHD
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